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METHOD OF CALCULATING EFFECTIVE POWER RELATING TO CAPACITOR, 
METHOD OF MEASURING EFFECTIVE POWER CONSUMED BY CAPACITOR, 
CAPACITOR SELECTION METHOD, CALCULATION APPARATUS FOR CALCULATING 
EFFECTIVE POWER RELATING TO CAPACITOR, AND RECORDING MEDIUM 
STORING THE CALCULATION PROGRAM THEREFOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a method of calculating effective power relating to a 
capacitor, a method of measuring effective power consumed by the capacitor, a capacitor 
selection method, a calculator for calculating the effective power consumed by the 
capacitor, and a recording medium storing the calculation program therefor. 

2. Description of the Related Art 

Previously, capacitors have been used as electric circuits, such as a snubber circuit 
of a switching power supply, a horizontal resonant circuit of a color television, and other 
suitable circuits, in which a desired periodic pulse voltage of a desired waveform other than 
a sine waveform is applied. In this case, it is necessary to determine an allowable power 
capacity of the capacitor so as to suppress the heat generated by the capacitor below the 
allowable capacity, whereby the capacitors do not experience problems (decreased life or 
destruction due to thermal runaway) caused by self heating due to a dielectric loss. In 
general, apparent power that can be easily measured is used as the allowable power 
capacity. This apparent power is obtained by multiplying the effective value of a voltage 
applied to the capacitor by the effective value of a current flowing into the capacitor. If the 
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waveform of the voltage applied to the capacitor is a sine waveform, the apparent power is 
easily measured. 

However, where a predetermined periodic pulse voltage of a predetermined 
waveform other than a sine waveform is applied to the capacitor, it is difficult to measure 
the effective value of the voltage applied to the capacitor and the effective value of the 
current flowing into the capacitor. Furthermore, since the capacitance and dielectric 
tangent of the capacitor are dependent on the voltage and frequency thereof, it is difficult to 
calculate the capacitance and dielectric tangent. 

Therefore, Applicants had proposed a method of obtaining apparent power Pa 
corresponding the original voltage waveform, by Fourier expanding the waveform of a 
periodic pulse voltage applied to a capacitor in terms of harmonic sine and cosine-wave 
series of high-order frequency components and calculating the sum of apparent powers 
Pa n for each of the harmonics. This method is disclosed in Japanese Unexamined 
Application Publication No. 2002-22779 (Patent Document 1). 

However, the above-described method disclosed in Patent Document 1 has the 
following problems. 

Effective power Pe consumed by the capacitor is equal to the product of the 
dielectric tangent and apparent power Pa of the capacitor (effective power Pe=dielectric 
tangent x apparent power Pa). If the dependency of the dielectric tangent on temperature, 
voltage, and frequency is low enough to function as a constant, the sum of effective powers 
Pe n calculated for each of the harmonics is equal to the product of the sum of the apparent 
powers Pa n and the dielectric tangent (Z (effective powers Pe n ) = dielectric tangent x Z 
(apparent powers Pa n )). Subsequently, the apparent power Pa may be used as a 
substitute characteristic of the effective power Pe consumed by the capacitor. 

However, if the dependency of the dielectric tangent on temperature, voltage, and 
frequency is so high that the dielectric tangent cannot function as the constant, the sum of 
effective powers Pe n calculated for the harmonics is not equal to the product of the sum of 
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the apparent powers Pa n and the dielectric tangent (I (effective powers Pe n ) * dielectric 
tangent x I (apparent powers Pa n )). Subsequently, the apparent power Pa cannot be 
used as a substitute characteristic of the effective power Pe consumed by the capacitor. 

SUMMARY OF THE INVENTION 

To overcome the problems described above, preferred embodiments of the present 
invention provide a method of calculating the effective power that is actually consumed by 
the capacitor from the capacitance, dielectric tangent, and periodic voltage waveform of the 
capacitor. Preferred embodiments of the present invention also provide a method of 
measuring the effective power consumed by the capacitor, a capacitor selection method, a 
calculator for calculating the effective power relating to the capacitor, and a recording 
medium storing the calculation program therefor. 

A preferred embodiment of the present invention provides a method of calculating 
the effective power of a capacitor, which includes the steps of obtaining an equilibrium 
temperature of the capacitor for each of a plurality of sine waves, substituting a first 
capacitance and a first dielectric tangent of the capacitor for each of the equilibrium 
temperatures into the following equation: 



t a n 6 
F e ~ 1 +(t a n <5) 2 



Pe 


: effective power 


tan 5 


: dielectric tangent 


C 


: capacitance 


f 


: frequency 


b 


: sine-wave amplitude 
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Subsequently, a first effective power (a regression value) for each of the equilibrium 
temperatures is determined. The method further includes the steps of obtaining a voltage 
value and a frequency from the waveform of a periodic voltage applied to both ends of the 
capacitor, setting a plurality of provisional temperatures, obtaining a second capacitance 
and a second dielectric tangent for each of the provisional temperatures, and substituting 
the second capacitance and the second dielectric tangent into the following equation: 



t a n 6 
P6==: l+(tan5) 2 



Pe 


: effective power 


tan 5 


: dielectric tangent 


C 


: capacitance 


f 


: frequency 


a 


: cosine-wave amplitude 


b 


: sine-wave amplitude 



Subsequently, a second effective power (a calculation value) corresponding to the 
periodic voltage for each of the provisional temperature is obtained. This method further 
includes the steps of determining a temperature at which the first effective power (the 
regression value) is approximately equal to the second effective power (the calculation 
value) as a target equilibrium temperature of the capacitor, and determining the first and 
second effective powers corresponding to this target equilibrium temperature as a target 
effective power corresponding to the periodic voltage. 

More particularly, in the step of calculating the second effective power (the 
calculation value), Fourier expansion is performed for the periodic voltage, and effective 
power is calculated for each harmonic. Then, the sum of the calculated effective powers of 
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the harmonics is determined as the second effective power (the calculation value) 
corresponding to the periodic voltage. 

Another preferred embodiment of the present invention provides a method of 
measuring effective power consumed by a capacitor. A periodic voltage is applied to the 
capacitor and the waveform of the periodic voltage applied to both ends of the capacitor is 
measured. Further, the effective power consumed by the capacitor is calculated from the 
measured waveform of the periodic voltage, by using the method of calculating the 
effective power of the capacitor. 

Another preferred embodiment of the present invention provides a capacitor 
selection method. This method includes the steps of obtaining an equilibrium temperature 
of the capacitor for each of a plurality of sine waves and substituting a first capacitance and 
a first dielectric tangent of the capacitor for each of the equilibrium temperatures into the 
following equation: 

t a n 6 
1 +(t a n d) 2 



Subsequently, first effective power (a regression value) for each of the equilibrium 
temperatures is obtained. This method further includes the steps of obtaining a voltage 
value and a frequency from the waveform of a periodic voltage applied to both ends of the 
capacitor, setting a plurality of provisional temperatures, obtaining a second capacitance 
and a second dielectric tangent for each of the provisional temperatures, and substituting 
the second capacitance and the second dielectric tangent into the following equation: 
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t a n 6 



1 +(t a n <5; 2 



Subsequently, a second effective power (a calculation value) corresponding to the 
periodic voltage is obtained for each of the provisional temperatures. This method further 
includes the steps of determining a temperature at which the first effective power (the 
regression value) is approximately equal to the second effective power (the calculation 
value) as a target equilibrium temperature of the capacitor, determining the first and 
second effective powers corresponding to this target equilibrium temperature as a target 
effective power corresponding to the periodic voltage, and comparing the target effective 
power corresponding to the periodic voltage with an allowable power capacity of the 
capacitor for determining whether or not the capacitor is available. 

Another preferred embodiment of the present invention provides a calculation 
apparatus for calculating effective power relating to a capacitor. The calculation apparatus 
includes a calculator. This calculator stores data regarding capacitances and dielectric 
tangents of a plurality of capacitors. The capacitances and the dielectric tangents are 
determined based on a voltage characteristic, a frequency characteristic, and a 
temperature characteristic of the capacitors. This calculator also stores data regarding the 
first effective power (a regression power) for each of equilibrium temperatures of the 
capacitors. When a predetermined capacitance required for an electric circuit using one of 
the capacitors and the waveform of a periodic voltage applied to both ends of the capacitor 
are input, the calculator calculates the second effective power (a calculation value) at a 
plurality of provisional temperatures from the input waveform of the periodic voltage. Then, 
the calculator determines a predetermined temperature at which the first effective power 
(the regression value) is approximately equal to the second effective power (the calculation 
value) as a target equilibrium temperature of the capacitor. The calculator further 
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determines the first effective power and the second effective power corresponding to the 
target equilibrium temperature as a target effective power corresponding to the periodic 
voltage. The calculator compares a stored allowable power of the capacitor with the target 
effective power corresponding to the periodic voltage for determining whether or not the 
capacitor is available. 

Another preferred embodiment of the present invention provides a recording 
medium for storing the program for calculating effective power relating to a capacitor by 
using a computer. The calculation program stores data regarding capacitances and 
dielectric tangents of a plurality of capacitors. The capacitances and the dielectric tangents 
are determined based on a voltage characteristic, a frequency characteristic, and a 
temperature characteristic of the capacitors. The calculation program also stores data on 
the first effective power (a regression value) for each of equilibrium temperatures of the 
capacitors. When a predetermined capacitance required for an electric circuit using one of 
the capacitors and the waveform of a periodic voltage applied to both ends of the capacitor 
are input, the program calculates the second effective power (a calculation value) at a 
plurality of provisional temperatures from the input waveform of the periodic voltage. The 
calculation program determines a predetermined temperature at which the first effective 
power (the regression value) is approximately equal to the second effective power (the 
calculation value) as a target equilibrium temperature of the capacitor. The calculation 
program further determines the first effective power and the second effective power 
corresponding to the target equilibrium temperature as a target effective power 
corresponding to the periodic voltage. The calculation program compares a stored 
allowable power of the capacitor to the target effective power corresponding with the 
periodic voltage for determining whether or not the capacitor is available. 

According to the above-described preferred embodiments, the effective power 
consumed by a capacitor used for an electric circuit to which a predetermined periodic 
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voltage waveform from the capacitance and dielectric tangent of the capacitor and the 
periodic voltage waveform applied to both ends of the capacitor is obtained. 

Therefore, according to the preferred embodiments of the present invention, the 
effective power consumed by the capacitor is quickly, precisely, and reliably obtained. 
Further, the effective power of the capacitor is obtained, where the effective power 
corresponds to a predetermined periodic voltage applied to the capacitor, even when an 
electric circuit is not actually provided. 

The above and other elements, characteristics, features, steps, and advantages of 
the present invention will become clear from the following description of preferred 
embodiments taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a graph illustrating an example waveform of a periodic voltage applied to a 
capacitor; 

Fig. 2 is a graph illustrating a voltage waveform subjected to Fourier expansion; 

Fig. 3 is a graph illustrating a waveform generated by a DC component, and cosine 
and sine-wave components of from the first to thirty-first harmonics that are obtained by 
Fourier expansion; 

Fig. 4 is a graph illustrating regression values obtained from measured values for 
sine waves and values obtained by Fourier analysis on a periodic pulse-voltage waveform; 

Fig. 5 schematically shows an example of a calculation apparatus for calculating 
effective power relating to a capacitor and an example of a recording medium storing a 
calculation program therefor according to a preferred embodiment of the present invention; 

Fig. 6 is a flowchart illustrating an example of a method of calculating the effective 
power relating to the capacitor and an example of a capacitor selection method according 
to another preferred embodiment of the present invention; 
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Fig. 7 illustrates an example of initial image displayed when the calculation 
apparatus is started; 

Fig. 8 illustrates an example image produced when the periodic-voltage waveform 
applied to both ends of the capacitor is input, as numerical data on time and voltage; 

Fig. 9 illustrates an example image produced when the image data on the periodic 
voltage waveform applied to the both ends of the capacitor is traced by using a mouse and 
input; 

Fig. 10 illustrates an example image produced when the periodic voltage waveform 
applied to the both ends of the capacitor is input by using the mouse; 

Fig. 11 illustrates an example image produced after the periodic voltage waveform 
applied to the both ends of the capacitor is input; 

Fig. 12 illustrates another example image produced after the periodic voltage 
waveform applied to the both ends of the capacitor is input, the example image following 
the image shown in Fig. 1 1 ; 

Fig. 13 illustrates an example image displaying a result of determination whether or 
not the capacitor is available; and 

Fig. 14 illustrates an example of a printed output of an analytical result. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
A method of calculating effective power related to a capacitor, a method of 
measuring the effective power consumed by the capacitor, a capacitor selection method, a 
calculation apparatus for calculating the effective power related to the capacitor, and a 
recording medium storing the calculation program therefor according to preferred 
embodiments of the present invention will now be described with reference to the 
accompanying drawings. 

First, an electric circuit to which a periodic voltage is applied is prepared. In this 
preferred embodiment, a snubber circuit of a switching field effect transistor (FET) of a 
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switching power supply is preferably provided as the electric circuit. Further, a ceramic 
capacitor having a capacitance value of about 470 pF and a rated voltage of about DC 1 
kV is preferably provided as a capacitor for evaluation. 

A periodic pulse voltage V(t) is applied to the ceramic capacitor. The waveform of 
the periodic pulse voltage V(t) is determined so as not to be a sine waveform. According to 
this preferred embodiment, the waveform of the periodic pulse voltage V(t) applied to both 
ends of the ceramic capacitor is measured using an oscilloscope. Subsequently, 
trapezoidal waves having a frequency of about 99.6 kHz and a peak to peak (p-p) value V 
of about 778 volts are obtained, as shown in Fig. 1 . 

Next, the waveform of the periodic pulse voltage V(t) applied to the both ends of the 
ceramic capacitor is subjected to Fourier expansion. More specifically, the periodic pulse 
voltage V(t) having predetermined periodicity and no sine waves is Fourier-expanded in 
terms of sine and cosine-wave series of high-order frequency components, as shown in 
Equation (1). 

V(t)=Vo+I{a n cos(na)t)+b n sin(n(jL)t)} ■■• Equation (1) 
a): angular speed of periodic pulse voltage V(t) 
a n : amplitude of n-order cosine-wave term 
b n : amplitude of n-order sine-wave term 
Vq: DC component 

Next, the effective power Pe passing through the ceramic capacitor is calculated. 
Usually, when a capacitor is used for a circuit to which a periodic pulse voltage of a high 
frequency is applied, an equivalent circuit diagram of the capacitor shows a capacitor C in 
series with an equivalent series resistance R. Where the capacitance of the capacitor is 
determined as C(F), the equivalent series resistance thereof is determined as R(Q), the 
impedance thereof is determined as Z(Q), the phase angle thereof is determined as 6, and 
the angular speed of a high-frequency sine-wave voltage is determined as u) (rad/s), 
Equation (2) is true. 
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R 

t a n 6 = - — 7—- — a;CR 
1 / coC 



( o,C) 2 

— Equation (2) 



If a voltage applied to the capacitor is determined as V(V) and a current flowing into 
the capacitor is determined as 1(A), the effective power Pe (W) is equal to energy 
consumed by the equivalent series resistance R, as shown by Equation (3). 
Pe=V-l=R-l 2 =R-(V/Z) 2 - Equation (3) 

Subsequently, these Equations (2) and (3) lead to Equation (4). 



/V\ 2 , / o>C 

Pe = R- — J = R • V 



z 1 +(t an 5) 2 



(oCV' ! t a n 8 ,, _ . . 

= uCR = toCV - Equation (4) 

l+(tani) z l+(tanS) 2 



Here, the effective value of an n-order harmonic-component voltage is determined 
as Vrms in Equation (1). Since the cosine-wave term and the sine-wave term are 
independent of each other, Equations (5) and (6) is obtained. In Equations (5) and (6), a 
letter T means the periodicity of the n-order harmonic component, where an equation 
T=2TT/nio holds. 
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3. 

Vrms of n-order cosine-wave / 1 ^ t . 2 = " 



component >^ ^p"^o a n * cos ( n ^ ) ) * y/^T 

- Equation (5) 

b. 



Vrms of n-order sine-wave 
component 



rv~x ; 7 = b - 

V T^o 1 bn * Si n(ntut) } vT 



Equation (6) 



According to the above-described equations (4), (5), and (6), the effective power 
Pe n of the n-order harmonic component is expressed in Equation (7). In this equation, C n 
means the capacitance of the capacitor and tan5 n means a dielectric tangent (tan 5) 
thereof, where the n-order harmonic wave is nw. 



t a n 6 „ 

Pe„ = 



1 + ( t a n a „ ) 



t a n 6 „ no)C n 



l+danS,,) 2 2 



Equation (7) 



Where a fundamental frequency of the periodic pulse voltage V(t) is determined as f, 
an equation co=2TTf holds. By substituting co into Equation (7), Equation (8) is obtained. 



p e = 1 3 " n Jtf C„ f a 2 + b 2 ) - Equation (8) 



1 + ( t a n 5 „ ) 



In general, capacitors have very high insulation resistance values of at least about 
1 00 MQ. Therefore, the effective power of the DC component Vq is negligible. Therefore, 
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the effective power Pe of the periodic pulse voltage V(t) is calculated by summation of 
effective powers Pe n of harmonics, as shown in Equation (9). 

°° 00 r t a n 8 „ / \ "1 

Pe = I Pe n = Tcf 2 i r-nCn a 2 + b 2 > - Equation (9) 

1. -1 11-1 1 1 +( t a n 5 n ) 2 \ n n / J 

According to this preferred embodiment, as shown in Table 1, Fourier expansion is 
performed for from the first to thirty-first harmonics (3100 kHz) so as to obtain the voltage 
value of cosine and sine-wave components of each of the harmonics. Fig. 2 is a graph 
illustrating a voltage waveform subjected to Fourier expansion. Fig. 3 is a graph illustrating 
a waveform generated by the synthesis of the cosine and sine-wave components of the 
harmonics from first to thirty-first obtained by Fourier expansion, and the DC component Vg, 
where an equation Vq=363.5 V holds. 
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Table 1 



n 


rrecjuency 


Voltage 


[V] 




L K H Z i 


a „ 


b„ 


1 


10 0 


- 17 4. 


8 


2 8 7. 


5 


2 


2 0 0 


9. 


1 


10 3. 


7 


3 


3 0 0 


-48. 


8 


4 2. 


0 


4 


4 0 0 


- 2 7 . 


5 


3 0. 


8 


5 


5 0 0 


-41. 


4 


8 . 


7 


6 


6 0 0 


-3 4. 


6 


1 3. 


4 


7 


7 0 0 


-2 1 . 


1 


3. 


5 


o 

8 


8 0 0 


- 1 7 . 


4 


- 6 . 


3 


9 


9 0 0 


-2 2. 


9 


- 1 1 . 


1 


1 0 


10 0 0 


- 1 6. 


7 


- 7 . 


8 


1 1 


110 0 


- 9. 


6 


- 1 0. 


1 


1 2 


12 0 0 


- 6. 


2 


-15. 


4 


1 3 


13 0 0 


- 7 . 


0 


- 1 8. 


9 


1 4 


14 0 0 


0. 


8 


- 1 8 . 


0 


1 5 


15 0 0 


1 2. 


7 


-16. 


8 


1 6 


1 6 0 0 


2 5. 


5 


- 6. 


9 


1 7 


17 0 0 


1 3. 


6 


1 1 . 


5 


1 8 


1 8 0 0 


- 0. 


9 


1 0. 


7 


1 9 


19 0 0 


0. 


3 


6. 


7 


2 0 


2 0 0 0 


- 1 . 


2 


3. 


8 


2 1 


2 10 0 


- 3. 


7 


1 . 


3 


2 2 


2 2 0 0 


5 . 


0 


0. 


9 


2 3 


2 3 0 0 


2. 


3 


0. 


3 


2 4 


2 4 0 0 


-- 1 . 


4 


- 0 . 


8 


2 5 


2 5 0 0 


- 2. 


8 


- 3. 


8 


2 6 


2 6 0 0 


- 2 . 


3 


- 3. 


2 


2 7 


2 7 0 0 


0. 


1 


2 . 


3 


2 8 


2 8 0 0 


1 . 


5 


- 3. 


5 


2 9 


2 9 0 0 


2 . 


4 


- 4. 


8 


3 0 


3 0 0 0 


2 . 


5 


- 1 . 


7 


3 1 


3 10 0 


3. 


5 


- 0. 
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In general, C n and tan 6 n are functions of temperature, voltage, and frequency. If a 
voltage waveform applied to the both ends of the capacitor is determined, the voltage and 
frequency are determined by Fourier expansion. However, the temperature is not 
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determined only by the voltage waveform. More specifically, if a current flows into the 
capacitor, the effective power consumed by the capacitor changes into thermal energy, 
such that heat is produced. Subsequently, the temperature of the capacitor increases to a 
predetermined point where the heating value and heatsinking value of the capacitor reach 
equilibrium. 

The value of the effective power is required for determining the temperature of the 
capacitor, and the functions C n and tan 5 n are required for determining the effective power 
value. However, the temperature of the capacitor is required for determining the functions 
C n and tan 6 n . In this case, therefore, the temperature of the capacitor cannot be 
determined. That is to say, the effective power Pe is determined by a temperature function 
Pe=f (temperature), but the temperature is unknown. 

In this preferred embodiment, to overcome the above-described problems, this 
temperature is a temperature at which the effective power Pe and the heatsinking value 
reach equilibrium. First, the equilibrium temperature of the capacitor, where the 
atmospheric temperature is about 25°C, is measured by using a plurality of high-frequency 
sine waves. Since C n and tan 5 n are functions of the temperature, voltage, and frequency, 
they are determined by sine-wave conditions (the voltage and frequency) and the 
equilibrium temperature (a measured value). Since the waveform of the high-frequency 
voltage applied to the capacitor is sine waves, Fourier expansion is not required to obtain 
the sum of effective powers Pe n . Subsequently, C n and tan 5 n (n=1) are substituted into 
Equation (8) so as to obtain effective power Pe for each of the sine waves. The 
relationship between the equilibrium temperature of the capacitor (a measured value) and 
the effective power Pe of each of the sine waves is expressed in a regression formula so 
as to obtain the effective power Pe (a regression value) at a predetermined equilibrium 
temperature. Since the waveform of the high-frequency voltage applied to the capacitor is 
sine waves, the value of cosine-wave amplitude a is zero in Equation (8). Subsequently, 
the following equation is obtained, where n=1 is omitted. 
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t a n 6 

Pe= — — '^fCb 2 

1 +(t a n 8) 2 

L u " 1 i h « « ^2 



1 +(t a n 5) 2 



The relationship between the equilibrium temperature of the capacitor and the 
effective power Pe (a regression value) is shown in Table 2 (see data shown in the center 
column of Table 2). 
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Table 2 



Equilibrium temperature 
of Canacitor 

[°C] 


Effective power Pe [W] 


ixcgresdion vaiue ODidineci 
from actual measured value 
for sine wave 


Value obtained by Fourier 
analysis on pulse waveform 


a n 


0 . 16 6 


0 . 5 2 7 


A 1 


0 . 17 5 


0 . 5 0 2 


A O 


0 . 18 4 


0 . 4 7 7 


A *3 


0 . 19 3 


0 . 4 5 3 




0 . 2 0 2 


0 . 4 3 0 


A R 


0 . 2 1 0 


0 . 4 0 8 


A A 


0 . 2 18 


0 . 3 8 7 


A 1 


0 . 2 2 6 


0 . 3 6 7 


A ft 


0 . 2 3 4 


0 . 3 4 8 




0 . 2 4 2 


0 . 3 3 0 




O 9 A Q 


U . o 1 o 


5 1 


0 9 5 7 


0 9 9 6 


5 2 


0 9 6 4 

vy • £~ \j *-x 


0 9 8 1 


5 2. 2 


0 9 6 S 


0 9 7 R 


5 2. 4 


0 9 ft 7 


0 9 7 ^ 


5 2. 6 


0 2 6 8 


0 9 7 9 


5 2. 8 


a O 7 A 


A O 7 A 


O o 


0 . 2 7 1 


0 . 2 6 7 


0 4 


0 . 2 7 8 


0 . 2 5 3 


O O 


0 . 2 8 5 


0 . 2 4 1 


O D 


0 . 2 9 1 


0 . 2 2 9 


c: 7 
O f 


0 . 2 9 8 


0.218 


c o 
o o 


0 . 3 0 4 


0 . 2 0 8 




A Oil 

CJ . oil 


0 . 19 8 


6 0 


0 . 3 17 


0.189 


6 1 


0 . 3 2 3 


0. 18 1 


6 2 


0 . 3 2 9 


0. 17 2 


6 3 


0. 3 3 5 


0. 16 4 


6 4 


0. 3 4 1 


0. 15 7 


6 5 


0 . 3 4 7 


0. 14 9 



The voltage value and frequency of the capacitor are obtained from the waveform of 
the periodic pulse voltage applied to the both ends of the capacitor. Since the equilibrium 
temperature of the capacitor determined by this periodic-pulse-voltage waveform is 
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unknown, a plurality of provisional temperatures are determined and C n and tan 5 n for 
each of the provisional temperatures are determined. If the periodic pulse voltages have 
sine waves, where Fourier expansion is not required to obtain the sum of effective powers 
Pe n , these C n and tan 5 n are substituted into Equation (8) for calculating effective power 
Pe (a calculation value). Subsequently, the effective power Pe (the calculation value) at 
each temperature corresponding to the periodic pulse voltage is obtained. The calculation 
results are shown in the right column of Table 2. The equilibrium temperature of the 
capacitor is a temperature at which one of the effective powers Pe (the calculation values) 
is approximately equal to one of the effective powers Pe (the regression values) obtained 
from the regression formula. These effective powers are equivalent to a target effective 
power Pe corresponding to the periodic-pulse voltage waveform. 

Fig. 4 is a graph illustrating the effective powers Pe (the regression values) obtained 
from the regression formula by using the actual measured values of the sine waves (see 
solid line 10). This graph also illustrates the effective powers Pe (the calculation values) 
obtained by Fourier analysis on the periodic pulse-voltage waveform (see solid line 11). 
The intersection point of the solid line 10 and the solid line 1 1 indicates the target effective 
power Pe corresponding to the periodic pulse voltage and the equilibrium temperature of 
the capacitor. The solid line 10 is a curve that is unique to this capacitor. The solid line 1 1 
is a curve which is dependent upon the frequency of the period pulse-voltage waveform. 
More specifically, the distance between the solid line 1 1 and the origin, and the equilibrium 
temperature indicated by the intersection point of the solid line 1 1 and the solid line 10 
increases as the order n of the n-order harmonic increases. Conversely, the distance 
between the solid line 1 1 and the origin, and the equilibrium temperature indicated by the 
intersection point of the solid line 1 1 and the solid line 1 0 decrease as the order n of the n- 
order harmonic decreases. According to this preferred embodiment, the equilibrium 
temperature of the capacitor is approximately 52.8°C and the effective power Pe consumed 
by the capacitor is approximately 0.27 W. When a switching power supply is actually used 



18 



at the atmospheric temperature of approximately 25°C, the equilibrium temperature of the 
capacitor is approximately 51 .3°C, which is measured by a K thermocouple with a diameter 
of approximately 0.1 mm. 

Thus, the above-described preferred embodiment obtains the effective power Pe 
consumed by the ceramic capacitor used for the snubber circuit to which the periodic pulse 
voltage V(t) having the trapezoidal waves is applied. Subsequently, the time required to 
measure the effective power Pe consumed by the ceramic capacitor is greatly reduced. 

Fig. 5 shows a flexible disk 10 which defines a recording medium for storing a 
capacitor selection method and a program for calculating the effective power related to the 
capacitor. Of course, a CD-ROM or other suitable medium can be used in place of the 
flexible disk 10. A computer 20 transfers and installs the capacitor selection method and 
the program for calculating the effective power related to the capacitor onto a CPU 
provided therein to perform calculations. Fig. 6 is a flowchart illustrating an example 
program installed on the computer 20. 

The flexible disk 10 stores data regarding the names of a plurality of capacitors, the 
allowable power capacities, temperature characteristics of capacitances C n and dielectric 
tangents tan 5 n , voltage characteristics and frequency characteristics of the capacitors, 
and a program that sets a predetermined periodic-voltage waveform. The flexible disk 10 
also stores a method of measuring the effective power consumed by a capacitor shown in 
the flowchart of Fig. 6 and a program for the capacitor selection method. 

When this program is started, an initial image shown in Fig. 7 is produced on a 
display of the computer 20. Voltage waveform data input, that is, a voltage-waveform 
determination portion where a voltage applied to the capacitor is determined, is displayed 
at the upper-left corner of a screen of the display. In this portion, the waveform of a 
periodic voltage applied to the capacitor is determined via a text file, an image file, or a 
mouse of the computer 20 (see step S1 of the flowchart of Fig. 6). A list of the capacitors 
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is displayed on the lower portion of the screen. This list shows the series names, product 
numbers, rated voltages, and nominal capacitances of the capacitors. 

If the voltage waveform is input via the text file, an image shown in Fig. 8 is 
displayed on the screen. A predetermined data file is selected among a plurality of data 
files stored in the computer 20, and numeric data regarding time and voltage is input to set 
a predetermined periodic voltage waveform. 

If the voltage waveform is input via the image file, an image shown in Fig. 9 is 
displayed on the screen. Image data on the periodic voltage waveform is input to the 
computer 20 directly from a measuring device connected thereto, from the measuring 
device connected thereto via a network, or via a recording medium such as a flexible. disk 
storing the data generated by the measuring device. This image data is traced by using a 
mouse to set the periodic voltage waveform. When the voltage waveform is input by using 
a mouse, an image shown in Fig. 10 is displayed on the screen. 

After the voltage waveform is input, an image shown in Fig. 1 1 is displayed on the 
screen. Next, the type of a predetermined capacitor for a theoretical design, or for an 
actual circuit, is input via a keyboard or the mouse of the computer 20. More specifically, 
either a lead-terminal type or a chip lamination type is selected. 

Next, the capacitance of a desired capacitor is input, as shown in Fig. 12, via the 
keyboard or the mouse (see step S2 shown in the flowchart of Fig. 6). Subsequently, the 
CPU of the computer 20 selects information about a capacitor having the capacitance in 
accordance with the input capacitance (see step S3 shown in the flowchart of Fig. 6) from 
the list. Further, the CPU selects at least one capacitor having a rated voltage that is 
suitable for use with the input periodic voltage waveform (see step S4 shown in the 
flowchart of Fig. 6). 

Then, the CPU of the computer 20 performs Fourier expansion and calculations to 
obtain the effective power, as shown in steps S5 and S6 in the flowchart of Fig. 6. The 
details of the Fourier expansion and the effective-power calculation, which have already 
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been described, are omitted. The data regarding the temperature characteristics of the 
capacitances C n and dielectric tangents tan 5 n , and the voltage characteristics and the 
frequency characteristics of each of the capacitors that are installed on the computer 20 
are transferred to the CPU of the computer 20 and used for the calculations. Subsequently, 
effective powers Pe at equilibrium temperatures of the capacitor selected at step S4 are 
obtained from regression values calculated from measured values for the sine waves (see 
the center column of Table 2). The equilibrium temperatures are obtained. The effective 
powers Pe are compared with the effective powers Pe obtained by Fourier analysis on the 
pulse waveforms for each of the provisional temperatures (see the right column of Table 2), 
and one of the effective powers Pe shown in the center column matches one of the 
effective powers Pe shown in the right column, as shown in Table 2. The equilibrium 
temperature at which both of the effective powers Pe correspond to each other is a target 
equilibrium temperature of the capacitor. And, the effective power then is the effective 
power Pe (a calculation value) consumed by the capacitor. 

Then, whether or not the effective power (the calculation value) consumed by the 
capacitor falls within a predetermined range of the allowable power capacities of the 
capacitors is determined (see step S7 shown in the flowchart of Fig. 6). If the effective 
power (the calculation value) consumed by the capacitor falls outside this range, it is 
determined that this capacitor is not available. If the effective power falls within this range, 
it is determined that this capacitor is available and the process proceeds to step S8 such 
that the capacitor is added to the selection list. Further, feedback is performed at step S10 
until the results on whether or not the capacitors are available are obtained for all the 
capacitors selected at step S4. 

When the capacitor selection is completed, the image of the capacitor selection list 
(a list showing the results of determination on availability) is displayed on the screen of the 
display, as shown in Fig. 13. This list also shows the effective powers (the calculation 
values) in percentages of the allowable power capacities. Subsequently, an available 
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capacitor is selected and displayed only by inputting the nominal capacitance of a 
predetermined capacitor and the waveform of a periodic voltage applied to both ends of the 
capacitor. 

These obtained results are printed by preferably using a printing device such as a 
printer, as shown in Fig. 14, such that the analysis results can be confirmed later. Further, 
the set values are also printed together with the analysis results, such that they can be 
analyzed together. 

The above-described program is preferably stored in a recording medium, such as a 
CD-ROM, or any other suitable storage medium or device. Therefore, via a CD-ROM 
program to perform the method of preferred embodiments of the present invention, the 
program can be installed on a personal computer, whereby the personal computer 
functions as a calculation device for calculating effective power passing through a capacitor. 
This program may also be downloaded from a predetermined home page. 

The present invention is not limited to the above-described preferred embodiments, 
but can be modified variously within the scope thereof. In the above-described preferred 
embodiments, the ceramic capacitor is used, but various types of capacitors can be used 
as long as the temperature characteristics of capacitances and dielectric tangents, and the 
voltage characteristics and frequency characteristics of the capacitors are known. Further, 
a periodic voltage with arbitrary waveform can be used including a trapezoidal wave, a 
square wave, and a sawtooth wave. Of course, the present invention can be used even 
though the waveform of the periodic voltage has sine waves. 

The present invention is not limited to each of the above-described preferred 
embodiments, and various modifications are possible within the range described in the 
claims. An embodiment obtained by appropriately combining technical features disclosed 
in each of the different preferred embodiments is included in the technical scope of the 
present invention. 



22 



